The effects of supplementation with grass silage and replacement of some corn in the concentrate with soybean meal (SBM) on milk production, and milk fatty acid (FA) profiles were evaluated in a replicated 4 × 4 Latin square study using 16 dairy cows grazing pasture composed of ryegrass, Kentucky bluegrass, and white clover. Each experimental period lasted for 3 wk. The 4 dietary treatments were PC, 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-based concentrate mixture (96% corn; C); PCSB, 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-and SBM-based concentrate mixture (78% corn and 18% SBM; CSB); SC, 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of C concentrate; and SCSB, 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of CSB concentrate. The concentrate mixtures were offered twice each day in the milking parlor and were consumed completely. Grass silage supplementation reduced dietary crude protein and concentration of total sugars, and dietary SBM inclusion increased dietary crude protein concentration and decreased dietary starch concentration. Milk yield and energy-corrected milk were increased by SBM supplementation of cows with access to grass silage. Milk protein concentration was lower in cows offered grass silage, regardless of whether SBM was fed. Dietary SBM inclusion tended to increase milk fat concentration. Plasma urea N was reduced by silage feeding and increased by SBM supplementation. Supplementation with grass silage overnight could represent a useful
INTRODUCTION
The Azorean archipelago, located in the Atlantic Ocean, is an important dairy region, being responsible for 27% of the total milk production of Portugal. In contrast to the dairy production systems of mainland Portugal, where cows are confined all year round and fed diets based on corn silage supplemented with high amounts of compound feeds, the climatic conditions of the Azores allow the grazing of animals throughout the year. This could be an advantage because intensive pasture-based systems could contribute to increased profitability and reduced feed costs (Clark and Kanneganti, 1998) . However, the increase in the genetic potential of the animals in recent years has led to a higher utilization of compound feeds, because pasture does not meet the nutrient requirements for high-producing dairy cows . Indeed, 2 factors that limit milk production on pasture are low DMI (Bargo et al., 2003) and a high content of highly degradable CP relatively to NSC (Carruthers et al., 1997; Mulligan et al., 2004) . The low ruminal N capture contributes to both N pollution and to increased energetic expenditure for urea synthesis . Therefore, one of the challenges of using pasture is maximizing ruminal N capture. This is often achieved by offering a compound feed consisting mainly of grain, with the type and processing method of grains having different effects (Reis and Combs, 2000; Wu et al., 2001; Mulligan et al., 2004) .
The increase in the genetic potential of the animals in this region has also led to supplementation during the periods of lower pasture availability (winter) with conserved forages, mainly grass silage obtained from pasture in spring. The high level of CP, particularly NPN, means that additional supplementation with true protein may be beneficial for stimulating rumen fermentation and for increasing AA absorption (Brito et al., 2007) . This study was designed to evaluate the effects of grass silage supplementation and the replacement of part of the corn in a concentrate with soybean meal (SBM) on the productive response of grazing dairy cows during winter. Additionally, it is well known that grazing dairy cows produce milk with a more favorable fatty acid (FA) profile for human health-with increased concentrations of rumenic acid [18:2 cis-9, trans-11, hereafter termed conjugated linoleic acid (CLA) cis-9, trans-11], vaccenic acid (18:1 trans-11), and linolenic acid (18:3n-3)-than milk from confined cows fed diets based on conserved forages . Moreover, milk FA profiles have recently been used in assessing rumen function (Cabrita et al., 2003; Vlaeminck et al., 2006) .
MATERIALS AND METHODS

Pasture
The feeding trial was conducted at the 
Design, Diets, and Management
Sixteen multiparous [parity number 3.5 (SD = 1.0)] Holstein cows averaging 547 kg of BW (SD = 51.0), 145 DIM (SD = 43.7), and 24 kg of milk/d (SD = 4.6) were used. Cows were grouped according to milk production, parity, and DIM and randomly assigned to dietary treatment sequences in a changeover design (four 4 × 4 Latin squares). Each experimental period lasted for 3 wk. The 4 dietary treatments were PC, 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-based concentrate mixture (96% corn; Table 1 ; C); PCSB, 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-and SBM-based concentrate mixture (78% corn and 18% SBM; Table 1 ; CSB); SC, 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of C concentrate; and SCSB, 7 h of access to grazing pasture during the day, and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of CSB concentrate. Grass silage was prepared, during late May, from regrowth pasture sections (target areas of pasture were fertilized with 120 kg of N/ha and closed for 7 wk). Grass silage was harvested directly with a precision-chop harvester (FX 40, New Holland, Carnaxide, Portugal) at a theoretical chop length of 20 mm, and ensiled in a bunker silo with the use of a silage additive (Biomax; Lactobacillus plantarum and Pediococcus pentosaceus; Vetagri, Cantanhede, Portugal), applied at a rate of 2 L/t of green forage. The silo was opened after 6 mo. The raw materials were ground through a hammer mill with a 4-mm screen, and the concentrate mixtures were prepared in a single batch. The concentrate mixtures (3 kg) were offered twice each day in the milking parlor and were consumed completely. Cows supplemented with grass silage were housed at night (1800 h) and individually fed in a tie-stall barn, and had continuous access to water. Grass silage was offered for ad libitum intake, with fresh feed offered each night (1800 h). The troughs were cleaned out each morning and orts were collected and weighed throughout the experiment. Grass silage offered was adjusted each week to produce weighbacks of approximately 15% of amounts fed. Samples of pasture, grass silage, concentrates, and orts were sampled daily during the last 5 d of each period and, after oven DM determination (65°C, 48 h), were composited by period. Total DMI was predicted according to NRC (2001) [equation [1-2] Milk production was measured throughout the experimental period. Milk was sampled at both milkings on 2 consecutive days during the last week of each experimen- tal period, and proportional composites were analyzed for fat and protein. Milk fat was isolated from individual milk samples, collected on the last day of milk sampling, by centrifugation for 15 min at 822 × g and immediately stored at −15°C until FA analysis. On the same day, blood samples were collected into heparinized tubes from the jugular vein of each cow after the a.m. milking. Samples were immediately centrifuged at 822 × g for 10 min, and the plasma was stored at −15°C before analysis for BUN. Cows were weighed at the same time of the day (following the a.m. milking) on the 2 final days of each experimental period.
Duodenal flow of purine bases (PB) was predicted from milk secretion of odd-and branched-chain FA as described by Vlaeminck et al. (2005) 
Chemical Analysis
Samples of feeds from the last week of each experimental period were submitted for chemical analysis. The pH and the NH 3 -N concentration of grass silage were determined, in fresh samples, with a pH electrode (no. 209811250, Ingold, Mettler-Toledo Inc., Columbus, OH) and according to Conway (1957) , respectively. Ground samples (1 mm) were analyzed for ash (AOAC, 1990; method 942.05) and Kjeldahl N (AOAC, 1990; method 954.01). Crude protein was calculated as Kjeldahl N × 6.25. Neutral detergent fiber, ADF, and acid detergent lignin were determined by the detergent procedures of Van Soest et al. (1991) and Robertson and Van Soest (1981) , with α-amylase being added for concentrates during NDF extraction; sodium sulfite was not added. Neutral detergent fiber was expressed without residual ash. Total sugars were determined by an official Portuguese standard method (Norma Portuguesa 1785 , 1986 ) based on the Luff-Schoorl methodology, after extracting sugars with an ethanol solution. Phosphorous was determined by the gravimetric procedure described by the official Portuguese standard method (Norma Portuguesa 873, 1997) . Starch was analyzed on finely ground samples (0.5-mm screen) by using the method described by Salomonsson et al. (1984) . In vitro DM digestibility of grass silage and pasture was analyzed by the 2-stage method of Tilley and Terry (1963) . Milk fat and protein were determined by automated infrared analysis with a MilkoScan 605 instrument (Foss Electric, Hillerød, Denmark; AOAC, 1990) . Jugular plasma was analyzed for urea N (AUG40 Automated Chemistry Analyzer, Olym-pus, Melville, NY) by an enzymatic (urease) method as described by Bauer (1982) .
Fatty acid methyl esters of feed lipids were prepared by a one-step extraction transesterification procedure using toluene, according to Sukhija and Palmquist (1988) . The internal standard was heptadecanoic acid. For milk FA analysis, 200 mg of the milk fat layer was weighed into culture tubes, and milk lipids were extracted according to the procedure of Folch et al. (1957) . Solvents were then evaporated under N, and FA methyl esters were prepared by base-catalyzed transesterification with sodium methoxide (Christie, 2004) . Fatty acid methyl esters were analyzed with an HP6890 gas chromatograph (Agilent Technologies Inc., Palo Alto, CA), equipped with a flame-ionization detector, and a fusedsilica capillary column (CP-Sil 88, 100 m × 0.25 mm × 0.20 m, Chrompack CP 7489, Varian Inc., Walnut Creek, CA). The carrier gas was helium, and the split ratio was 1:50. The injector temperature was 250°C, and the detector temperature was 280°C. The initial oven temperature of 100°C was held for 15 min, then increased at 10°C/min to 150°C, where it was held for 5 min, then increased at 1°C/min to 158°C and held for 30 min, and then increased at 1°C/min to 200°C and held for 40 min. Peak identification was based on cochromatography with known standards of FA methyl esters (Sigma, St. Louis, MO) and, when no commercial standards were available, by using published chromatograms obtained with similar analytical conditions (CruzHernandez et al., 2004; Alves et al., 2006) .
Statistical Analysis
Data from the last week of each experimental period and FA profiles of milk samples were analyzed as replicated 4 × 4 Latin squares by using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC). The model included the fixed effects of square, period, grass silage supplementation, type of concentrate, and the interaction of grass silage supplementation × type of concentrate, the random effect of cow within square, and the random residual error. Differences among treatments were considered to be significant when P < 0.05, whereas when P > 0.05 but <0.10, differences were considered to indicate a trend toward a significant effect.
RESULTS AND DISCUSSION
The chemical and FA compositions of the pasture, grass silage, and concentrate mixtures are given in Table  1 . Pasture was relatively high quality, averaging (DM basis) 22.8% CP, 49.8% NDF, 7.0% total sugars, and 78.2% in vitro DM digestibility. Grass silage pH and NH 3 -N were, respectively, 4.3 and 5.9% of total N, sug- PC = 20 h of access to grazing pasture, supplemented with 6 kg/ d of corn-based concentrate mixture (C); PCSB = 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-and soybean mealbased concentrate mixture (CSB); SC = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of C concentrate; SCSB = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of CSB concentrate.
gesting that silage was well preserved. The concentrations (DM basis) of CP (17.5%) and NDF (53.4%) as well as the in vitro DM digestibility (69.8%) of the grass silage also suggested that it was of relatively high nutritive value. The chemical composition of the concentrate mixtures agreed closely with the ingredient composition. The corn-based concentrate contained (DM basis) 8.3% CP and 60.5% starch, and the CSB concentrate contained 15.5% CP and 48.6% starch. Pasture and grass silage were both good sources of linoleic acid (18:2n-6; 13.7 and 16.7% of total FA, respectively) and linolenic acid (18:3n-3; 55.8 and 53.8% of total FA, respectively). Concentrate FA compositions were very similar. The most representative FA were oleic acid (18:1 cis-9) and 18:2n-6, agreeing with the FA composition of corn grain. Estimated nutrient composition of the total diets (Table 2) showed that grass silage supplementation reduced dietary CP and total sugar concentrations. Dietary SBM inclusion increased dietary CP concentration and decreased dietary starch concentration.
Feed Intake
The estimation of intake by grazing cows is more complicated than that of confined cows. Despite the availability of several methods based on pasture and animal characteristics to estimate pasture intake (e.g., sward-cutting technique, estimation of diet digestibility, and fecal production using markers such as chromium oxide and alkanes; Bargo et al., 2003) , in the present study, pasture PC = 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-based concentrate mixture (C); PCSB = 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-and soybean meal-based concentrate mixture (CSB); SC = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of C concentrate; SCSB = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of CSB concentrate. As in the present study, similarly to the above-mentioned study (Bargo et al., 2003) , cows were in midlactation, producing approximately 25 kg of milk/d and supplemented with 6 kg/d of C, the DMI estimation was expected to be reliable.
Effects on feed intake are presented in Table 3 . Grass silage supplementation did not affect total DMI, with the silage × concentrate interaction suggesting that dietary SBM inclusion promoted higher DMI when cows were also supplemented with grass silage. However, caution should be used when interpreting these results because of the limitations in the way total DMI was estimated: cows on treatment SCSB produced more milk (and ECM; Table 3 ), which would lead to a greater estimate of total DMI. The greater milk production observed with treatment SCSB could be due to a greater DMI, to a greater efficiency of nutrient use for milk synthesis, or both.
Milk Production and Milk Composition
Effects on milk production, milk composition, BW, BUN, and predicted duodenal flow of PB are presented Journal of Dairy Science Vol. 91 No. 7, 2008 in Table 3 . Milk yield and ECM were not affected by silage supplementation. However, replacing part of the corn grain (18%) in the concentrate by SBM (true protein) tended to increase milk yield (P = 0.073) and increased ECM in cows with access to silage, whereas there was no effect in cows that were solely grazing. The positive effects could reflect an improvement in ruminal fermentation. Indeed, because the ensiling process increases NPN content, replacing part of the corn with a true protein source (SBM) will eventually benefit microbial growth through supplying preformed AA (Brito et al., 2007) , as well as through the effects on rumen pH (lower dietary starch concentration). Indeed, predicted duodenal flow of PB increased with dietary SBM inclusion, suggesting a higher rumen microbial activity. However, this was not reflected in higher milk protein content, and increased the cost of supplement (Table 2) .
Grass silage supplementation decreased milk protein concentration, although milk protein production was not affected. Milk protein content of grazing dairy cows tends to be reduced by dietary grass silage inclusion, particularly when cows have ad libitum access to pasture (Phillips, 1988 ). This could arise from either the reduction in total energy intake or the low N retention of grass silage compared with fresh herbage. Phillips and Leaver (1985) found that milk protein content tended to be reduced even when total energy intake was increased by grass silage supplementation. The effect of dietary SBM inclusion on milk protein production of cows having access to grass silage reflects the higher milk production. Milk fat concentration (P = 0.066) and production were increased by dietary SBM inclusion. These results agree with the lower starch content of treatments PCSB and SCSB (Table 2) . It is well known that postruminal glucose and ruminal propionic acid preferentially channel nutrients to adipose tissue, resulting in a shortage of nutrients at the mammary gland and thus milk fat depression (glucogenic-insulin theory; Brockman and Laarveld, 1986) . Silage supplementation led to an improvement in the BW of cows, as in previous studies (Crosse and Gleeson, 1987; O'Brien et al., 1996) .
The conversion of dietary N into milk N was lower in solely grazing cows than in grass silage-supplemented cows, and this efficiency was decreased by dietary SBM inclusion (Table 3) . Indeed, grass silage supplementation decreased BUN, and the dietary SBM inclusion increased BUN. These results agree with dietary CP concentration and suggest an inefficient capture of pasture N that is even greater with SBM supplementation. Therefore, the present study does not support the use of SBM in pasture diets because of the higher energy expenditure for excretion of N as well as for the higher cost of the diet (Table 2) .
Milk FA
The dietary effects on milk FA profiles are given in Table 4 . Grass silage supplementation had only a minor, but significant, effect on milk FA, whereas the type of concentrate did not affect them. Allowing ad libitum access to grass silage during the night increased 10:0, 11:0, 12:0, 14:0, iso-15:0, anteiso-15:0, and 15:0, and decreased iso-17:0, 18:0, 18:1 cis-9, and 18:2n-6. Thus, silage supplementation increased the FA derived from de novo synthesis (sum of short and medium even-chained saturated FA; 8:0 to 14:0) from 16.3 to 17.6 (% of total FA), and the FA derived from rumen microbial biomass (sum of odd-and branched-chain FA) from 5.8 to 6.2 (% of total FA). Moreover, grass silage supplementation decreased the sum of C18 FA, mostly derived from diet or from mobilization of adipose tissue reserves from 46.8 to 44.1 (% of total FA). Because body fat mobilization is not expected to be of great importance in cows averaging 145 DIM, the reduction of C18 FA could be explained by a lower intake of these FA. The content of total lipids of silages is generally lower than that of the original grass (Dewhurst and King, 1998) . Moreover, ensiling leads to an extensive lipolysis of forage lipids, and thus to a substantial increase in NEFA (Vanhatalo et al., 2007) . Nevertheless, in the present trial the differences in FA concentration between pasture and silage were small and the estimated FA intake (499 ± 6.39 g/d) was not affected by treatments. Additionally, the increase in microbial FA could reflect an improvement in rumen fermentation, and hence higher availability of VFA for de novo synthesis of FA, which could dilute the C18 FA.
Milk PUFA concentration averaged 4.2% of total FA, and it was unaffected by treatments. Together, 18:2n-6 and 18:3n-3 constituted 41% of milk PUFA, and this proportion was also unaffected by treatments, in spite of the significant, but small, effect observed on 18:2n-6. Overall, these minor effects could be justified by the small differences between the FA composition of pasture and grass silage used (Table 1) . Fatty acid composition of milk produced by grazing cows has consistently higher content of unsaturated FA, . Hence, it is considered to be healthier than milk from confined cows fed diets based on conserved forages . In the present experiment, the milk FA profile is consistent with milk from pasture-fed cows Elgersma et al., 2006) , and the inclusion of silage did not change it. Additionally, the concentration of CLA cis-9, trans-11 was high (1.44% of total FA) and was highly correlated with 18:1 trans-11 (r = 0.87, n = 64), as reported by others (Jahreis et al., 1997; Chilliard et al., 2003) . Elgersma et al. (2006) reviewed the concentration of CLA cis-9, trans-11 in milk fat; the level of CLA cis-9, trans-11 reported here was similar to milk from grazing cows in Ireland and New Zealand and was surpassed only by milk from cows grazing in the Alpine highlands. The large variation observed in CLA cis-9, trans-11 and 18:1 trans-11 concentrations in milk fat of individual cows (0.28 to 4.11% and 0.71 to 6.96% of total FA, respectively) has been observed in other studies (Kelly et al., 1998; Rego et al., 2004) and has been attributed to individual differences in the activity of ∆ 9 -desaturase in animal tissues (Salter et al., 2007) .
CONCLUSIONS
Although supplementation with grass silage overnight led to reduced milk protein concentration, there was no effect on the milk production of grazing dairy cows, so it could represent a useful strategy for periods of lower pasture availability. Dietary inclusion of SBM was beneficial in cows supplemented with silage. Its inclusion in solely grazing cows had no effect on milk production and composition, exacerbated the inefficient capture of dietary N, and increased diet cost. Milk FA profiles were consistent with milk from pasture-fed cows in earlier work, with the concentration of CLA cis-9, trans-11 being high. Grass silage supplementation increased the FA derived from de novo synthesis and the FA derived from rumen microbial biomass, and decreased the sum of C18 FA, mostly derived from diet or from mobilization of adipose tissue reserves. Milk CLA cis-9, trans-11, vac- PC = 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-based concentrate mixture (C); PCSB = 20 h of access to grazing pasture, supplemented with 6 kg/d of corn-and soybean meal-based concentrate mixture (CSB); SC = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of C concentrate; SCSB = 7 h of access to grazing pasture during the day and 13 h of ad libitum access to grass silage at night, supplemented with 6 kg/d of CSB concentrate. cenic acid (18:1 trans-11), and linolenic acid (18:3n-3) concentrations were unaffected, suggesting that partial replacement of pasture by unwilted grass silage does not compromise the dietary quality of milk fat for humans.
